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INTRODUCTION. 
In heart failure it is  assumed  that  the supply of O,  to  the  tissues 
and  the  removal  of  CO~  from  them  is  not  commensurate  with  the 
needs  of  the  organism.  Pearce  (1)  has  emphasized  the  intimate 
relationship existing between respiration, circulation, and metabolism. 
No  longer  can  any  of  these  functions  be  regarded  as  isolated,  but 
they  must  be  considered  together  as  a  physiological  system.  The 
reason for studying lung volume in heart  disease is  that it aids in an 
understanding  of  the  interdependence  of  cardiac  and  respiratory 
failure. 
Bohr (2) and Hasselbalch  (3) have emphasized the importance of the simultane- 
ous determination of the total lung volume and its subdivisions.  In an attempt 
to visualize  the degree  of pulmonary distension  and  the relations between air 
content in the lung and blood flow in the lesser circulation a knowledge of the vital 
capacity alone may lead to error.  The study of the vital capacity of the lungs in 
heart disease has become of great practical interest, owing largely to the work of 
Peabody and his associates (4).  Study of the vital capacity alone, however, can 
throw little further light on the pathologic changes, both structural and functional, 
which give rise to the phenomenon of dyspnea. 
Since Bohr reawakened interest in pulmometry, numerous investigators (Rubow 
(5), Bruns (6), Bittorf and Forschbach (7), and Siebeck (8)) have studied the total 
air capacity of the lungs (vital capacity and residual air) in cases of heart disease. 
These investigators used the gas mixture method described by Bohr (2) for the 
determination of the volume of residual  air.  Two of these investigators (Bruns 
(6) and Siebeck(8)), dwell with considerable  emphasis on the difficulty of applying 
Bohr's method to  patients with  heart disease  in  whose  lungs  normal  gaseous 
diffusion, they believe, is disturbed.  In this country, Peters (9), using the method 
of Lundsgaard and Van Slyke (10), found the decrease in vital capacity in heart 
disease to be accompanied  by a decrease in total lung capacity and residual air. 
Lundsgaard's (11) recent important contributions to the subject will be discussed 
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later.  In our hands the procedure of mixing used by Lundsgaard and Van Slyke 
(10) has not proved applicable to the study of those patients with heart disease in 
whom any considerable degree of dyspnea is present.  This fact has been discussed 
in another communication (12) in which a new method for measuring lung volume 
was described.  The present paper deals with the results obtained by applying 
this method in the study of a series of cases of heart disease. 
MateriaL--The  material  for  study  was  selected  from  a  group  of 
cases suffering from various types of chronic heart disease. 
Most of the patients had disturbances of the cardiac mechanism as 
evidenced by the presence  of auricular  fibrillation.  The  advantage 
of studying patients  with  fibrillation  of the  auricles  lies in  the  fact 
that the heart rate and usually the state of decompensation in these 
patients  can  be  controlled  by  the  administration  of  digitalis.  It 
was our practise in most cases to put the patient to bed on admission 
and  to  administer  digitalis,  usually in  the  form  of  digitan,  Merck. 
When  the  patient's  cardiorespiratory  system  had  reached  a  more 
or  less  stable  condition,  lung  volume  determinations  were  made. 
The subject could at this time be introduced to the use of the method 
under  the  most  propitious  circumstances.  The  patient  was  then 
studied during  various stages of decompensation  and compensation. 
All  lung  volumes were  determined  with  the  patient  sitting  upright 
in  a  wheel chair.  The patients  were brought  from the wards to the 
laboratory,  where they were allowed to sit quietly for about ½ hour 
before observations were begun.  In as far as possible an effort  was 
made  to exclude cases which  gave  evidence of suffering from  bron- 
chopneumonia,  bronchitis,  asthma,  or  emphysema,  so  that  the 
changes described may be attributed in the main to circulatory failure 
and  its  concomitant phenomena.  One  case of the  series had a  con- 
siderable  transudation  of fluid into  the pleural  cavities.  This  case 
was  studied  before  and  after  thoracentesis  and  aspiration  of  the 
fluid. 
A  number  of normal  individuals  of  both  sexes were also  studied 
under circumstances similar to those existing during the study of the 
patients. 
Definitio~ of Ter~s.--The terminology used in this paper is that of 
Panum  (13)  and  Bohr  (2),  which has been reviewed by Lundsgaard 
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1.  Mid-position  =  point half way between normal expiration and normal in- 
spiration. 
2.  Complementary air  =  air expired from maximum inflation to mid-position. 
3. Reserve air  --- air expired from mid-position to maximum deflation. 
4.  Vita/capacity  =  air expired from maximum inflation to maximum deflation. 
5. Residual air  =  air remaining in lungs after fullest expiration.  This includes 
the so called dead air space. 
6. Middle capacity =  total air held in lungs at mid-position. 
7. Total capacity =  total air held in fully inflated lungs. 
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TExT-FIo. 1.  The total lung volume is  represented  as 100.  The  two  columns 
Show a  comparison of normal subjects and patients with respect to the average 
percentage of the total occupied by its subdivisions. 
The  diagram  shown  in  Text-fig.  1  will make  our use  of  the  terms 
clear.  It is  to be emphasized  that  this  diagram  does  not depict  the 448  LUNG  VOLUME  IN I-IEART DISEASE 
lung  volumes  from a  functional  or  physiological  point  of  view,  but 
simply shows  the relative volumes of the various subdivisions  of the 
total lung capacity. 
Relative  Lung  Volumes,  or  Subdivisions  of Total  Lung  Volume, 
Calculated  as  Percentages of  Total  Lung  Volume. 
If the volume of each subdivision of total lung volume is expressed 
as  a  percentage  of the  total lung volume a  striking  constancy in  the 
TABLE  I. 
Name. 
A. 
H. 
E. 
B. 
D. 
Br. 
P1. 
Sex. 
~et" Cen~ 
M.  69 
"  79 
"  79 
"  76 
"  71 
"  72 
"  72 
pet" 6ent 
31 
21 
21 
24 
29 
28 
28 
o~ 
per ¢e~t 
63 
52 
53 
55 
69 
66 
63 
per cen~ 
32 
31 
33 
31 
40 
38 
35 
per cent 
37 
48 
47 
45 
31 
26 
37 
Mean value.  744-3  26±3  604-6  34±3  394-7 
74 
63 
73 
63 
69 
73 
71 
26 
38 
27 
37 
31 
27 
29 
65 
68 
55 
67 
65 
64 
63 
40 
31 
29 
28 
34 
34 
34 
J. 
C. 
Ho. 
N. 
R. 
S. 
H. 
F. 
gg 
4¢ 
35 
32 
44 
35 
35 
36 
37 
Mean value.  694-4  314-4  644-3  334-3  364-2 
figures  is  found  for  normal  individuals.  Table  I  presents  these 
values as observed in seven normal men and seven normal women. 
The  mean  values  with  average  deviations  as  observed  in  these 
fourteen  normal subjects including  both sexes is  shown in  Table  II. 
These values agree closely with  those  of other investigators  (Bohr 
(2),  Rubow  (5),  Lundsgaard  and  Van  Slyke  (10),  and  Ltmdsgaard TABLE  II. 
Vital  capacity  Residual air  Middle  capacity  Reserve air 
Total capacity'  ToTal capacity'  Total capaci~ "  Total capacity'  Total capacity 
per cent  per cent  per cent  per cenl  #er cent 
72 4- 4  28 4- 4  62 4- 4  34 4- 3  38 4- 6 
TABLE  III. 
Complementary air. 
Case No.  Sex. 
1  M. 
2  " 
3 
4 
Mean value. 
5  F. 
6 
7 
8 
9 
10  " 
11  " 
Mead  value. 
u  u 
per Cen~ 
47 
5O 
62 
7O 
53 
57 
61 
50 
61 
64 
58 
63 
58 
60 
62 
63 
66 
50 
62 
64 
50 
60 
¢zl  o 
per ¢e~t 
53 
50 
38 
3O 
47 
43 
39 
50 
39 
36 
42 
37 
42 
40 
38 
37 
34 
50 
38 
36 
50 
40 
a~ 
~o 
~ef cent 
80 
68 
62 
62 
65 
65 
60 
70 
66 
67 
57 
57 
65 
73 
67 
66 
65 
69 
67 
68 
71 
68 
pet"  cent 
20 
18 
23 
32 
18 
22 
22 
20 
26 
31 
16 
19 
22 
33 
29 
29 
32 
19 
29 
32 
21 
28 
2" 
¢v 
per cent 
27 
32 
39 
38 
35 
35 
40 
30 
34 
33 
43 
44 
36 
27 
33 
34 
35 
31 
33 
32 
29 
32 
Where several determinations are given for the same patient they were made 
during progressive improvement from the decompensated toward the compensated 
state.  In making  the averages  each observation is  counted as a  separate  case, 
because of the varying physiological state of the patient. 
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(11)).  Lundsgaard (11) published a  similar table prepared from fig- 
ures taken from the literature and from  his own work•  Practically 
all  the  figures  fall  within the limits set  by the  average deviations 
of Table II. 
These twotables  should be compared with Tables III and IV,  in 
which the lung volumes of a  group  of patients  with valvular heart 
disease  showing  evidence  of  respiratory  insufficiency  (dyspnea  on 
slight  exertion)  are presented. 
Inspection  of  Table  III  shows  that  as  compensation  progresses 
there occurs an increase in the relative vital capacity and a reciprocal 
decrease in residual air.  In most instances the relative mid-capaci- 
ties decrease and  the percentage of reserve air  and  complementary 
TABLE  IV. 
Individuals. 
Patients. 
Normals. 
!  I 
I 
7i 
p*r cent 
59 
724-4 
"a 
t~ 
i  per cent 
41 
284-4 
t~ 
#e2" cent 
67 
624-4 
r~ 
#eT cent 
25 
344-3 
"a 
q~ 
per cent 
34 
384-6 
air  to  total volume increases•  Table IV shows the averages of the 
relative lung volumes determined in  twenty observations on eleven 
subjects with heart disease,  compared with  the averages  of  similar 
determinations  in  fourteen  observations  on  fourteen  normal  indi- 
viduals.  The differences between the normal and pathological  lung 
volumes are well brought  out,  and it will be observed that changes 
concomitant with  compensation are  in  the  direction  of restoration 
toward normal relative lung vol.umes• 
These averages, presented graphically in Text-figs. 1 to 3, show the 
relative lung volumes for normal men and women as compared with 
the relative lung volumes determined by other authors  for normal 
individuals,  and with relative lung volumes for patients  with  heart 
disease. P~ cent  C.R. 
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TExT-FIG. 2.  Percentage relation of vital capacity, mid-capacity, and residual 
air in three male patients compared with the same in normal subjects.  In each 
of the three patients the second column represents the changes following rest and 
digitalis therapy. 
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TExT-FIG. 3.  Percentage relation of vital capacity, mid-capacity, and residual 
air in five female patients compared with the same in normal subjects. 
451 452  LUNG  VOLUM[E  IN HEART  DISEASE 
The  functional  significance  of  these  changes  is  not  clear,  though 
it is evident that any quantitative  deviation from a  normal  relation- 
ship is likely to be of importance.  Per se they show nothing of actual 
changes in the capacity of the lung.  From such a  relationship  as  is 
shown in Text-fig.  1 it may be concluded that the patient with heart 
disease is able to use less of his whole lung capacity in forcible venti- 
lation than is the normal subject.  In spite of the relative increase in 
mid-capacity it is apparent from Text-fig.  1 that the cardiac patients 
are  breathing  with  lungs  which  are  nearer  the  position  of complete 
expiration  (diminished  reserve),  though  this  position  may  itself  be 
PeP 
cent 
40 
30 
~  Z 
elevated (relatively increased residual air).  The pronounced  increase 
in  the percentage  relation  of vital capacity to total  capacity  during 
compensation has suggested that this value might be used as a quanti- 
tative expression  of the state  of compensation.  This in  the  main is 
Vital  capacity 
true,  as shown in Text-fig. 4, in which the Total  capacity per cent is 
graphically  presented.  It  is  seen  that  an  increase  during  compen- 
TExT-FIG. 4. Percentage  relation  of vital  capacity  to  total  capacity  in  ten 
patients  compared  to  the  same  in  fourteen  normal  individuals.  The  arrows 
pointing upward indicate changes in an individual patient from the decompensated 
to the compensated state.  Arrows  downward indicate the reverse change. CARL A. L.  BmGEg  453 
sation  and  decrease  during  decompensation  occur.  The  fact that 
the level of the values for patients with heart disease is lower than the 
values for normal individuals is also indicated.  In the more severely 
decompensated  cases  in  which,  as  will  be  shown  later,  there  is  a 
decrease in residual air as well as in vital capacity, the significance of 
this value is lost, as there is a  tendency for it to return to normal. 
One  of  the  chief  objects in  determining  relative  lung  volumes in 
normal individuals is that with these figures the establishing  of nor- 
mal standards  is facilitated.  If a  standard  for any one of the  lung 
volumes for individuals of a  given weight or height or chest measure- 
ment is established,  it will be possible to  calculate  on a  percentage 
basis the other lung volumes normal for these individuals. 
Absolute  Lung  Volumes  I Normal  Standards. 
In  order  to  determine  whether an  individual's  lung  volumes  are 
larger  or  smaller  than  normal,  it  is  obvious that  normal  standards 
must be available,  in establishing standards of normal vital capacity, 
the  relation  of  height  of  the  individual  to  vital  capacity  has  been 
used  by Hutchinson  (14)  and  Peabody  (4),  the  relation  of  surface 
area  to  vital  capacity  by  Peabody  (4)  and  Dreyer  (15),  and  the 
relation  of chest  volume  to  vital  capacity by Lundsgaard  and  Van 
Slyke (10).  West (16) made a  valuable comparative study of these 
various  methods  for  determining  normal  standards  and concluded 
that  the  method  using the  relation  of  surface area to vital capacity 
was  the  most  satisfactory. 
In applying a  surface area  (height-weight)  formula in the study of 
pathological  conditions  one is,  of course,  confronted with  the  errors 
associated  with  abnormalities  in  weight  due  to  the  disease.  An 
effort was madeto avoid this difficulty as far as possible by using the 
patient's weight only when he was in water balance and when there 
was no evidence of edema. 
In the use of chest volume measurement for calculation of normal 
lung  volumes  Lundsgaard  recommends  that  the  measurements  be 
made  during  forced  inspiration,  assuming  that  of  the  various 
1  Lung volumes are expressed  in liters at temperature and pressure at which they 
were observed.  They have not been reduced to 00C. and 760 ram. Hg. 454  LUNG VOLUME IN  HEART DISEASE 
positions occupied by the patient's chest during respiration the posi- 
tion taken during forced inspiration is  the nearest to normal.  We 
are not prepared  to defend the assumption of Lundsgaard that the 
forced inspiratory chest position of the patient is the one nearest to 
the normal, but if the chest volume method is employed, this  figure 
is  probably  the  best  one  to  use  at present.  As  will  be  seen  both 
surface area and chest volume have been used in the present  study 
in determining standards for calculating normal lung volumes.  We 
cannot decide between the merits of the two methods.  To do  this 
would require  study of a  series  of some thousand individuals of all 
sorts and conditions, such as Hutchinson (14) studied.  With  either 
method  one  encounters  occasional  normal  persons  whose  observed 
lung volumes do not agree with the calculated ones. 
From  the  calculated vital capacity the  other lung volumes  were 
derived,  using  the  normal  relative  lung  volumes  according  to  the 
following example. 
Height 175 cm.; weight 77 kilos; surface area 1.92 sq. m. 
Liters 
1.92 X  2.5* = 4.80  (viral  capacity). 
4.80 
= 6.66  (total  "  ). 
72 
6.66 --  4.80 =  1.86  (residual  air). 
6.66 X 34  = 2.26  (reserve "). 
6.66 X 38  = 2.53  (complementary  air). 
6.66 X 62  = 4.13  (mid-capacity). 
* 2.5 is West's factor for surface area. 
These figures were then divided into the observed values and  the 
per  cent  deviations from normal were  thus  obtained for  the  series 
of normal individuals and for patients with heart  disease. 
The sources of error in this type of calculation are, of course, very 
great,  and too much importance cannot be attached to  conclusions 
drawn therefrom, except when a uniform deviation from the normals 
is found in the pathological cases. 
The percentage relationship of observed to calculated lung volumes 
in the normal and pathological series is shown in Tables V  and VI, 
and the mean for each lung volume is graphically presented in Text- 
fig.  5.  Inspection of this figure will show immediately that in  the 
pathological cases the vital capacity and its subdivisions (reserve and CARL A. L. BINGER  455 
complementary air)  and  the  mid-capacity  and  total  capacity  are 
diminished, i.e.  the observed are below the calculated values, whereas 
in the normal subjects there is close agreement between the observed 
and  calculated  values.  As  regards  the residual  air,  however,  the 
values  obtained in  the pathological  and  normal cases agree within 
the limits of the mean deviations for normals.  From this alone one 
would be led to the conclusion that the volume of the residual air was 
unchanged in cases of heart disease. 
The problem, however, cannot be dismissed so easily and requires 
further examination.  }kn analysis of the data from which the means 
shown in Text-fig. 5 were derived is  graphically presented in  Text- 
fig.  6,  in which each dot represents  a  separate determination and a 
comparison of  the values in  normal and  pathological  cases  can be 
made  by  simple  inspection.  Here  it  will  be  seen  again  that  the 
values obtained in  all  the  observations made on patients  for  vital 
capadty, total capacity, and, with two exceptions,  mid-capacity fall 
below  the normal line.  And it  can be  safely concluded from  this 
that  in  patients  with  heart  disease  these  three  lung  volumes  are 
usually diminished or at least never increased.  The values obtained 
in determination of residual air fall both above and below the normal 
line in both series and the scattering of points is so great that no final 
conclusions can be drawn.  The scattering is doubtless in part due 
to  errors in  calculating the residual air,  since the error involved in 
this  calculation is  greater  than  it  is  for  the  larger  lung  volumes. 
Among the patients  the variations seem to  be greater than among 
the normal individuals,  and  apparently more patients  show an in- 
creased residual air  than  do  the normals.  This,  however, may be 
accidental and  cannot serve as  convincing evidence.  To clear this 
point,  recourse was  had  to  a  study of individual  cases in  varying 
stages of decompensation, and a determination of their lung volumes 
was made and these were compared with the values calculated to be 
normal for them on the basis of their chest measurements. 
Text-figs. 7 to 13 present schematically the absolute lung volumes 
in liters.  The general condition of the patients and state of decom- 
pensation may be judged from the  curves in  the upper  portion  o[ 
the charts and from the symptoms listed below the lung volume col- 
umns.  The  curves represent  changes in  weight,  respiratory  rate, 456  LUNG  VOLUME  IN  HEART  DISEASE 
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TExT-Fro. 5.  Average percentage  relation  of  observed  to  calculated  lung 
volumes  in  fourteen  normal  subjects  and  twelve patients  with  heart  disease. 
The black columns represent the percentage relation in  the patients; the blank 
columns  in  the  normals.  The  portion of  the  blank  columns  enclosed by  the 
broken lines represents the average deviation for each lung volume. 
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TExT-FIG. 6.  Percentage relation of observed to  calculated lung  volumes  in 
normal subjects and patients with heart disease.  The black dots represent the 
percentage relation in the patients, the others the relation in normal individuals. 
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In Text-figs.  7  to  13  the first column represents the estimated lung volumes 
calculated from chest measurements after the method of Lundsgaard (11)  or from 
the surface area. 
TExT-FIG. 7.  Case 1.  Mitrai stenosis and  insufficiency; aortic insufficiency. 
Alterations in lung volume.  The low total capacity found at the first two observa- 
tions was associated with pleuritic pain which prevented the patient from taking 
a  deep breath. CAleb  A.  L.  BII~GER  463 
TExT-FIG  8.  Case  2.  Mitral stenosis and insufficiency; auricular fibrillation. 
Alterations in lung volume. 464  LUNG  VOLUblE  I~  HEART  DISEASE 
Tg-~cT-FIG. 9.  Case3.  Mitral  stenosis  and  insufficiency;  aortic  insufficiency; 
auricular fibrillation.  Alterations in lung volume. T~xT-FIG. 10.  Case 10.  Mitral stenosis and insufficiency; aurictflar fibrillation. 
Alterations in lung volume. 466  LUNG VOLUME IN  HEART  DISEASE 
TExT-FIG. 11.  Case 6.  Mitral stenosis and insufficiency; auricular fibrillation. 
Alterations in lung volume. CARL A. L. BINGER  467 
TExT-FIG.  12.  Case 13.  Mitral stenosis and insufficiency; auricular fibrillation. 
Alterations in lung volume. 468  LUNG  VOLUME  LN HEART  DISEASE 
T~T-FIa. 13.  Case 14.  Mitral stenosis and insufficiency;  auricular fibrillation; 
aortic insufficiency,  Alterations in lung volume. CARL A. L. Br~GER  469 
or  apex-radial  rate,  the  curves  employed  in  the  individual  cases 
being those which indicate changes in the patient's condition.  Where 
no  symptoms  were  recorded  none  were  present.  The  symptoms 
particularly looked for were dyspnea, orthopnea, cough, palpitation, 
precordial or hepatic pain, nausea, and headache.  Digitalis therapy 
is  indicated  by the  broken  horizontal  line  on  the  upper  border of 
the charts.  Dosage is not recorded, but in every instance su/fident 
quantities  of  the  drug  (digitan,  Merck)  were  given  to  accomplish 
marked  subjective  improvement,  decrease in  apex rate,  diminution 
of pulse  deficit, increased  fluid elimination,  and  loss  of weight.  A 
careful physical examination was made at the time the lung volume 
was  determined.  This  included  x-ray  examination  of  heart  and 
lungs. 
Case 1.--L. C.  (Text-fig.  7); male, age 24 years.  Diagnosis:  Chronic cardiac 
valvular disease; mitral insui~cienc.v  and stenosis; aortic regurgitation. 
The patient had intermittent attacks of cardiac pain associated with elevation of 
temperature.  Lung volume determinations were made during and after these 
attacks.  During  compensation the  patient was  able  to fulfill the duties  of a 
laboratory technician. 
Case 2.--J. G. (Text-fig. 8); male, age 45 years.  Diagnosis:  Chronic cardiac 
valvular disease; mitral stenosis and regurgitation; cardiac arrhythmia; auricular 
fibrillation. 
The first lung volume determination was made when the patient was suffering 
from signs and symptoms of heart failure; the second, a day later when there was 
subjective improvement; and the third, a month later when, after rest and digitalis~ 
there was great improvement, the patient being able to mount one flight of stair~ 
without discomfort. 
Case 3.--T. S.  (Text-fig. 9); male, age 24 years.  Diagnosis:  Chronic cardiac 
valvular disease;  mitral stenosis  and  insufficiency;  aortic insufficiency; cardiac 
arrhythmia; auricular fibrillation. 
The first lung volume determination was made after a month's rest and digitalis 
therapy.  The second shows the change  concomitant with disappearance of the 
digitalis effect, and the third, the result of further digitaiization.  At this time the 
patient was free from symptoms and able to walk about the ward comfortably. 
Case  IO.--R.  F.  (Text-fig.  10);  female,  age  30  years.  Diagnosis:  Chronic 
cardiac valvular disease;  mitral stenosis and regurgitation; cardiac arrhythmia; 
auricular fibrillation. 
The first lung volume determination was made when the patient was relatively 
free from symptoms and able to walk about, though she was forced to live a much 
restricted life.  2 months later determinations were again made shortly after a 
break in  compensation which  required readmission  to  the  hospital.  Again  2 470  LUI~G  VOLD~  IN" HEART  DISEASE 
months later,  after rest and digitalis  therapy,  a  third determination  was made. 
The patient's condition was improved, but compensation had not been restored. 
There was still dyspnea and rMes were present at the bases. 
Case 6.--F. S. (Text-fig. 11) ; female, age 16 years.  Diagnosis: Chronic cardiac 
valvular  disease;  mitral  stenosis  and  insufficiency;  cardiac  hypertrophy  and 
dilatation; cardiac arrhythmia; auricular fibrillation. 
Lung volume determinations were made at five different periods; the first four, 
while the effect of previous digitalis therapy was disappearing; the fifth, when the 
patient was again in a rdatively compensated state  as the result of  further  digi- 
talization.  At  the  time  of the last observation the patient was sitting up in a 
wheel chair 2 hours daily.  She was not fit for greater exertion. 
Case 13:--L.  C.  (Text-fig.  12);  female,  age  42  years.  Diagnosis:  Chronic 
cardiac valvular disease;  mitral stenosis and insufficiency; hydrothorax; cardiac 
arrhythmia; auricular fibrillation. 
Lung volume studies were made at various intervals from March to June.  Be- 
tween  the  second  and third observations,  when  the  patient  was  not receiving 
digitalis,  1,700 cc. of fluid were aspirated from the pleural cavities.  At this time 
there was evidence of adherent pleura which may account for the relatively slight 
increase in lung capacity after withdrawal of  the fluid.  The effect of rest  and 
digitalis will be seen in the fourth and fifth  lung volume determinatiohs.  There 
was gradual  increase  of vital  capacity,  total  capacity,  and  residual  air  during 
convalescence. 
Case  14.--R.  S.  (Text-fig.  13);  female,  age  51  years.  Diagnosis:  Chronic 
cardiac  valvular  disease;  mitral  stenosis  and  insufficiency; aortic insufficiency; 
cardiac arthythmia; auricuiar fibrillation. 
Lung volume determinations  were  made  between  February  7  and April  19, 
1921.  Determinations were made at seven different  periods.  During  the  first 
three the patient was under the influence of digitalis.  The fourth, fifth, and sixth 
determinations  were made while  the patient  was not receiving the drug.  The 
increase in lung volume between the fifth and si~xth determinations may be attrib- 
uted to the effect of complete rest  in bed even without digitalis.  The seventh 
determination was made with the patient again digitalized, fairly free from symp- 
toms, except for a cough, able to walk about on the level without dyspnea, though 
still weak, and at time suffering from palpitation.  During the periods when no 
digitalis was given the patient had symptoms of cardiac insufficiency with rales 
at the bases, hepatic engorgement, and rapid heart rate with a wide pulse deficit. 
The changes occurring in this case were in the nature of a  decrease in all lung 
volumes during the period of decompensation. 
Simple  inspection  of  these  charts  shows,  as has  been  pointed  out 
before,  that  in  the  individual  case  the  absolute  vital  capacity,  mid- 
capacity,  and  total  capacity  diminished  during  the  progress  of  de- 
compensation,  and  increased  during  restoration  of  the  compensated CAP,  L A.  L.  BINGER  471 
state.  The terms compensation and decompensation, it is realized, 
are rough when used in an absolute sense to define a patient's status; 
but  when used in a  relative  sense  to  define a change  in  condition 
towards or away from heart failure, they become serviceable words. 
The charts also show that in most of the patients with heart disease, 
irrespective of the state of compensation, the values for these volumes 
are lower than those calculated for similar normal individuals. 
No  constant relation was determined between compensation and 
decompensation and the absolute values found for the residual air. 
But during the periods o( decompensation these values for residual 
air became either larger or smaller.  In the first three cases the re- 
sidual air increased with onset of  heart failure, in  the last four it 
diminished.  At  the periods  when compensation was  best,  that  is 
when the total lung volume was largest, the values determined for 
the residual air were always larger than those calculated for slmilur 
normal individuals. 
In other words, from these observations it appears that in a patient 
with heart disease the residual air volume is larger during compen- 
sation than is normal for a person of the same size.  During decom- 
pensation the residual air volume may become still greater or it may 
diminish even below that for a normal individual. 
These results,  confusing as  they may appear,  are  susceptible  of 
what  seems  to  be  a  rational  interpretation.  With  the  gradually 
increasing pressure in the pulmonary circuit resulting from a lesion 
of the mitral valve and  the myocardial insufficiency, the vascular 
bed of the lungs becomes surcharged with blood.  This gives to the 
lungs a  stiffness  (yon Busch (17) (Lungenstarre)), analogous  to  that 
characteristic of erectile tissue.  Forced expiration is therefore met 
with resistance, with the result that a  given expiratory force does 
not produce the collapse which would occur were the lungs in their 
normal, spongy, elastic state.  The result is an increase in the resid- 
ual  air.  During  this  early stage of  decompensation the total lung 
capacity may be normal, as in Subject 6  (Text-fig.  11), Subject 10 
(Text-fig.  10), and Subject  13  (Text-fig.  12);  and the reduction in 
vital  capacity at  that  time may be  associated with an increase in 
residual air alone.  With the progress of heart failure and increasing 
pressure in  the  pulmonary veins  the  increase in residual air  may 472  LUNG  VOLUME  I1~  HEART  DISEASE 
become still greater, as in Subject 1  (Text-fig. 7),  Subject 2  (Text- 
fig. 8), and Subject 3  (Text-fig. 9).  At this time the same condition 
of rigidity which prevents forcible collapse of the lung may prevent 
forcible  expansion,  and  reduction  of  the  vital  capacity  may  then 
depend upon reduction of the complementary as well as of the re- 
serve  air.  With  advancing  heart  failure  and  appearance  of  pul- 
monary edema and the structural changes found in chronic passive 
congestion,  the  air  spaces  of  the  lungs  may  be  encroached upon. 
In  this  condition the  residual  air  during  decompensation may  be 
diminished.  Such a  change is  shown in  Subject  6  (Text-fig.  11), 
Subject 10  (Text-fig. 10),  Subject 13  (Text-fig.  12),  and Subject 14 
(Text-fig. 13).  During this stage the enlarged heart and the engorged 
abdominal viscera may also  operate  to  decrease  the vital  capacity 
and  correspondingly affect  the  total  capacity.  This interpretation 
is for the most part in accord with that recently published by Lunds- 
gaard (11).  The fact that heart failure may result in either increase 
or decrease in residual air explains the confusion in which the sub- 
ject has been shrouded, the confusion being aggravated by the fact 
that in some cases the residual air is normal in volume.  This latter 
condition depends upon a  neutralization of opposite effects; namely, 
those resulting from stiffness and those produced by edema. 
It is  obviously difficult to  draw  conclusions as  to  the functional 
significance of  anatomical  changes.  This  is  especially true  in  the 
present instance since in individual cases in which changes in lung 
volume occur  or  in  which abnormal  lung  volumes are  found,  the 
character of the anatomical alteration on which the volume changes 
depen  d  can  only  be  assumed  by  deduction from  other  facts  and 
cannot be directly demonstrated. 
Two  distinct  and important processes are concerned in the phe- 
nomenon of external respiration: first,  the mechanical bellows move- 
ments of the chest by which the diffusion of 02 into the alveolar air 
and CO2 outward is facilitated; and second, the passage of O, into 
the  capillary  blood and  CO,  from  the blood.  The latter  depends 
upon (1) the composition of the alveolar air, (2) the state of the blood, 
and (3)  the anatomical character of the alveolar walls.  Changes in 
the volume of air in the lung in the different phases of respiration 
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The  significance of  changes in vital  capadty has  been well and 
fully discussed by Peabody and his assodates.  In general it may 
be said that a  reduced vital capacity indicates a  reduction in put: 
monary reserve in the sense that  the vital capacity sets  the limit 
to which the minute volume of pulmonary ventilation can be raised 
in response to metabolic demands. 
The significance of changes in total lung volume and in told-capac- 
ity is not so clear.  Changes in total lung volume in the individual 
case may depend upon one or more of a  number of factors.  En- 
croachment upon the chest space by other organs or tissue may give 
rise  to  a  decrease in  total  lung  volume.  Decreased  elasticity  or 
stretching of the lung may give rise to increase in total volume as 
in emphysema.  On the other ha~d, decreased elasticity assodated 
with stiffness  or thickening of the parenchyma may be associated 
with a  decrease in lung volume. 
In addition to these purely anatomical explanations of changes in 
total lung volume, however, there are undoubtedly numerous factors 
which regulate not only the rate and depth of the respiratory move- 
ments of the chest, but also determine the character of the move- 
ments and the degree of distention of the lungs during the various 
respiratory stages.  The degree of  distention is  best  characterized 
by  the  mid-position,  and  numerically established  by  determining 
the mid-capacity.  In patients with heart disease, both during the 
state  of compensation and during the state  of decompensation, we 
have found the mid-capacity as well as total capacity to be usually 
low,  as  compared with  values  for  similar  normal individuals,  the 
decrease progressing with decompensafion. 
Bohr  (2)  found  that  in  normal  individuals increased metabolic 
demands, as in exercise, were followed by increase in mid-capacity. 
He,  therefore,  concluded that  in  normal individuals a  small  mid- 
capacity indicated functional fitness (Functionsfghigheit).  He inferred 
that  increase in mid-capacity represented  a  [avorable  response to 
increased strain and explained why such a  response is of ~dvmatage 
by assuming that with increased distention of the lung parenchyma 
the  resistance  to blood flow  through  the  capillaries  became less. 
For this assumption  there is indeed  considerable experimental evi- 
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Rubow  (5)  found in  patients  with  heart  disease  that  the  mid- 
capacity,  considered  as  a  percentage  of  the  total  capacity,  was 
increased.  In view  of Bohr's  hypothesis he concluded that this rel- 
ative increase in mid-capacity in these patients represented a favor- 
able response to increased demands. 
The present studies, however, indicate that in patients with heart 
disease,  although the mid-capacity in  relation  to  total  capacity  is 
usually increased, the absolute mid-capacity as determined by com- 
parison with a  normal individual or as  determined in the same in- 
dividual in various stages of decompensation is decreased. 
In view of the findings it is difficult, therefore, to look upon the 
alteration in mid-capacity in patients with heart disease as a  favor- 
able response.  It seems more likely that this decrease in mid-capac- 
ity, which has  been found, is an indication Of intrapulmonary vascu- 
lar distention and therefore associated  with increased  pressure and 
decreased rate of flow in the pulmonary circulation.  Instead, there- 
fore, of an increased mid-capacity and consequent favorable physio- 
logical state in the lung as Rubow thought, there is actually a lowered 
mid-capacity which is  probably  unfavorable. 
SUMMARY  AND  CONCLUSIONS. 
The lung volumes in a group of individuals suffering from chronic 
cardiac disease have been studied by a  method which is applicable 
to patients suffering from dyspnea.  In a  number of instances the 
same patients were investigated during various stages of decompen- 
sation  and  compensation.  The  values  found have  been  compared 
with those determined in a  group of normal subjects. 
Lung volumes have  been  considered from  three points of view: 
(1)  relative lung volumes or subdivisions of total lung volume ex- 
pressed as percentage of total  lung volume;  (2)  the absolute  lung 
volumes of patients with  heart  disease  have  been  compared with 
lung volumes calculated for normal individuals having similar sur- 
face areas or chest measurements; and (3) in individual cases absolute 
lung volumes have been measured in various stages of compensation 
and decompensation. 
(1)  In patients with heart disease it has been observed that  the 
vital  capacity forms a  portion of the  total  lung volume relatively CARL  A. L.  BINGER  475 
smaller than in nolmal individuals,  and that  the mid-capacity and 
residual air form relatively larger portions.  When the patient pro- 
gresses  from  the  compensated  to  the  decompensated  state  these 
changes become more pronounced. 
(2)  When the absolute lung volumes determined for patients are 
compared with volumes of the same sort,  as calculated for normal 
individuals  of the same surface areas  and  chest measurements, the 
following  differences  are  found.  The  vital  capacities  are  always 
smaller in  the patients  and  the volumes of residual air  are always 
larger.  There is a  tendency for middle capacity and total capacity 
to be smaller, though, when the patients are in a  compensated state, 
these volumes may approximate normal. 
(3)  When decompensation occurs the absolute lung volumes under- 
go  changes  as  follows:  (a)  vital  capacity,  mid-capacity,  and  total 
capacity decrease in volume; and (b) the residual air may either in- 
crease or  decrease according to  the  severity of the  state of decom- 
pensation. 
The  significance of these  changes has been discussed and an ex- 
planation  offered for the occurrence of a  residual air of normal vol- 
ume in patients  with heart disease.  It results from a  combination 
of two tendencies working in opposite directions:  one to increase the 
residual air--stiffness of the lungs  (Lungenstarre);  the  other to  de- 
crease  it--distended  capillaries  (Lungenschwellung),  edema,  round 
cell infiltration. 
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